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RE: SE Reinig Road Embankment Failures
Slope Stability Analyses

As requested, we have completed a geotechnical investigation along sections of SE
Reinig Road experiencing active erosion and slope instability. The purpose of our
investigation is to evaluate the current site soil and groundwater conditions and to
perform stability analyses to determine the probable cause and nature of the slope
instability. We also developed and performed stability analyses on proposed
alternative repairs provided by the DNRP.

We trust this information is of assistance to you. If you have any questions or require
additional clarification, please contact Alan Corwin at 206-477-1853 or Doug Walters
at 206-477-2112.
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SE REINIG ROAD EMBANKMENT FAILURES
SLOPE STABILITY ANALYSES

1.0 INTRODUCTION

1.1 Background

As requested, we have completed a geotechnical investigation along sections of SE
Reinig Road experiencing active erosion and slope instability. Loss of riprap armoring
has led to substantial erosion of the riverbank at four locations. The damage is develop-
ing within the SE Reinig Road Revetment near the confluence of the three forks of the
Snoqualmie River, at approximately river mile (RM) 41.8. All four sections of riverbank
will require slope repair. Proposed mitigation measures provided by the King County
Department of Natural Resources and Parks (DNRP) includes the use of rock slopes,
reinforced slopes, and soft bank stabilization measures. In addition, engineered log jam
structures are proposed to be placed at strategic locations along the toe of the
riverbank.

The slope failures were originally identified during annual low flow inspection conducted
by boat on September 151, 2016 (Garric, DNRP). We understand the revetment, con-
sisting of riprap, was originally constructed in the 1960’s to protect SE Reinig Road from
lateral migration of the river. The site is located in the Three Forks Natural Area on two
parcels (332408-9005, 3324089059) owned by King County Parks. The general project
location is provided in Figure 1, following the conclusion of the text.

SE Reinig Road is a two lane paved rural arterial that parallels the revetment and is
generally aligned west to east. The outer road shoulder is approximately 25 feet in
width between the pavement and top of the river embankment. The embankment rang-
es from about 20 to 25 feet in height. The existing revetment, near the vicinity of the
damaged sections, consists of riprap armoring along the lower 6 to 8 feet of the em-
bankment. Rock armoring on the revetment is not uniform. Some areas are composed
of larger 3 to 4 man rock while other sections consist of light loose riprap size or smaller
material. Based on observation, the riprap was placed on the surface of the bank and
does not appear to have been keyed into the toe of the slope at the time of construc-
tion.

1.2 Purpose

The purpose of our investigation is to evaluate the current site soil and groundwater
conditions and to perform stability analyses to determine the probable cause and nature
of the slope instability. We also developed and performed stability analyses on pro-
posed alternative repairs provided by the DNRP.




2.0 SUBSURFACE CONDITIONS
21 Geologic Mapping

We reviewed the 2009 Geologic Map of the Snoqualmie 7.5-minute quadrangle, compiled
by Dragovich, J.D et al. This map was provided online by the United States Geological
Survey in a scale of 1:24,000. Based on our investigation and mapping, the following surfi-
cial geologic units may be present in the general area of the site.

Artificial fill (Af): Though not shown on mapping, significant depths of fill underlies the
roadway and outer road embankment within the project limits.

Landslide Deposits (Qis): Diamicton of silty sandy gravel with boulders and cobbles,
contains minor sand or gravel beds where modified by stream processes.

Alluvium Deposits (Qa): Moderately sorted deposits of sandy silt, pebbly sand, cobble
gravel, and boulders deposited along major river and stream channels; less coarse de-
posits of fine sand, silt, clay, and peat are accumulated in the low energy parts of river
valleys subject to seasonal flooding. Alluvium is the predominant geologic unit underly-
ing the subject site.

2.2 Geotechnical Drilling

To investigate subsurface conditions, we drilled four hollow stem auger borings within the
project limits. All borings were drilled using a track-mounted Diedrich D-50 drill rig equipped
with 3-Y4 inch inside diameter hollow stem augers. Standard Penetration Tests (SPT)
were taken at 2.5 foot intervals for boring depths up to 20 feet. Below 20 feet, the test-
ing intervals were increased to 5 feet. The SPT provides a measure of compaction or
relative density of granular soils, and consistency or stiffness of cohesive fine-grained
soils. Representative soil samples were collected and returned to our laboratory for
identification and testing. Approximate boring locations are shown in Figure 2. Detailed
copies of the boring logs (Figures A-1 through A-4) are provided in Appendix A.

Shoulder Borings: B-1 and B-2

Boring B-1 was drilled in the outer road shoulder of SE Reinig Road near the top of the
riverbank. In B-1, up to 10 feet of loose to medium dense sandy silt to silty sand fill
overlies dense silty gravel (fill?) to a depth of 17.5 feet below the ground surface (bgs).
Underlying the silty gravel, dense to very dense poorly graded sand, gravel, and
numerous cobbles were observed to a depth of 25 feet bgs. Below 25 feet, medium
dense to very dense interbedded sand and sandy silt deposits were encountered to the
termination depth of the boring at 71.5 feet. B-1 was completed as a monitoring well.

Boring B-2 was also drilled in the outer road shoulder of SE Reinig Road near the top of
the riverbank. In B-2, up to 10 feet of loose sandy silt fill overlies dense silty gravel (fill?)
to a depth of 19 feet below the ground surface (bgs). Underlying the silty gravel, dense
to very dense poorly graded gravel with silt and numerous cobbles was observed to a
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depth of 27 feet bgs. From 27 to 35 feet bgs, medium dense poorly graded sand and
sandy silt deposits were encountered. Below 35 feet, the soils changed to very dense
gravel and cobble to the termination of the boring at 37 feet bgs. B-2 was completed as
a monitoring well.

Roadway Borings: B-3 and B-4

Boring B-3 was drilled in the center of the westbound travel lane of SE Reinig Road
across from B-1. In B-3, 6 inches of ACP overlies medium dense silty sand with gravel
fill to 3 feet bgs. From 3 to 8 feet bgs, the soils change to very loose to loose sandy silt
fill. Below 8 feet bgs, the soils generally consisted of medium dense to dense sands
and dense to very dense silty sands to the termination of the boring at 51.5 feet.
Groundwater in B-3 was estimated at a depth of 15.5 feet bgs at the time of drilling.

Boring B-4 was drilled in the center of the westbound travel lane of SE Reinig Road
across from B-2. In B-4, 5.5 inches of ACP overlies medium dense silty sand with
gravel fill to 3.5 feet bgs. From 3.5 to 9 feet bgs, the soils changed to very loose sandy
silt fill followed by very dense poorly graded gravel fill. Below 9 feet bgs, the soils
generally consisted of medium dense to dense sands and silty sands to the termination
of the boring at 51.5 feet. Groundwater.in B-4 was estimated at a depth of 15.0 feet bgs
at the time of drilling.

2.3 Groundwater

Groundwater was observed in all boreholes during drilling. We expect groundwater
elevations to fluctuate in response to changes in river elevation and seasonal
precipitation. Estimated groundwater levels observed during drilling are presented
below in Table 1.

Table 1: Estimated Groundwater Levels During Drilling
Boring Date Drilled | Feet Below Surface| Estimated Groundwater Elevation
B-1 5/30/2018 17 feet 405.8 feet
B-2 5/30/2018 15 feet - 407.9 feet
B-3 5/29/2018 15.5 feet 410 feet -
B-4 5/29/2018 15 feet 411 feet

2.4 Monitoring Well Construction

Monitoring Well B-1 consists of a two-inch inside diameter blank PVC pipe with 20-slot
well screen. The screen was prepacked and installed from about 30.0 feet to 20.0 feet
below the ground surface (bgs). The annular space around the screen was filled with a
clean 10-20 uniform sand filter to a depth of about 18 feet. Blank PVC casing was in-
stalled above the screened well section to about the original ground surface. The re-
maining depth to the near surface elevation was backfilled with bentonite chips and




capped with redi-mix concrete. B-1 is protected with a flush mount protective steel cov-
er. The monitoring well was constructed in general accordance with the Washington
State Department of Ecology (DOE) WAC 173-160 “Minimum Standards for Construc-
tion and Maintenance of Water Wells” and is identified by the DOE discrete well tag
number BKZ 554,

Monitoring Well B-2 consists of a two-inch inside diameter blank PVC pipe with 20-slot
well screen. The screen was prepacked and installed from about 35.5 feet to 25.5 feet
bgs. The annular space around the screen was filled with a clean 10-20 uniform sand
filter to a depth of about 23 feet. Blank PVC casing was installed above the screened
well section to about the original ground surface. The remaining depth to the near sur-
face elevation was backfilled with bentonite chips and capped with redi-mix concrete. B-
2 is protected with a flush mount protective steel cover. The monitoring well was con-
structed in general accordance with the DOE WAC 173-160 “Minimum Standards for
Construction and Maintenance of Water Wells” and is identified by the WSDOE dis-
crete well tag number BKZ 553.

3.0 SLOPE STABILITY ANALYSES

3.1  Existing Slope Condition

DNRP provided several cross sections at strategic locations within the subject site. Based
on the slope height, inclination, and soil conditions, we determined the Typical Section C-
C, STA. 04+71 as the critical cross section to model. Soil and groundwater conditions
identified in soil borings B-1 and B-3 were transposed onto the STA. 04+71 cross section
to develop a simplified model for subsequent slope stability analyses.

Preliminary slope stability analyses of the critical embankment section were performed
utilizing the software program, Galena, developed by Clover Associates Pty, Limited. For
our stability computations, the Simplified Bishop Slip Circle analysis option was utilized.
This program employs limit equilibrium force resolutions to arrive at a factor of safety (FS)
for the critical slope section. A factor of safety of 1.0 represents a condition of imminent
failure.

For this slope stability analyses, we followed the general guidelines as set forth in the
US Army Corp of Engineers (COE) Engineering Manual EM 1110-2-1902 (Slope
Stability). The required slope factors of safety provided in EM 1110-2-1902 Table 3-1
are for new earth and rock-fill dams and are not required values for a riverbank. Even
so, as recommended by the COE, we are utilizing the target factors of safety for general
guidance of the riverbank slope stability. Riverbanks are subject to fluctuations in water
level. Therefore, low water and drawdown events are conditions that were considered in
the stability analyses. For low water, a target FS of 1.3 is considered an acceptable
factor of safety. For drawdown, the target FS is 1.1 to 1.3.




Model Soil Parameter Development

Based on observation, the slope failures at this site have been shallow. In addition, the
subject slopes appear to be marginally stable indicating a factor of safety slightly great-
er than 1.0. In order to develop a conservative slope model for subsequent analyses,
we incorporated a shallow slip failure that generally matched the observed site condi-
tions. We then utilized the back-calculation feature in Galena to establish the soil pa-
rameters required to achieve a factor of safety near 1.0. In addition, standard penetra-
tion blow counts obtained in the field were corrected for hammer efficiency and over-
burden (N1s0). These corrected N1eo values were used to further refine the soil parame-
ter values used in design. Simplified slope model parameters developed from the exist-
ing conditions were utilized for all subsequent slope analyses. The soil values devel-
oped for this scenario are shown below in Table 2.

Table 2: Stability Analysis Soil Parameters
. : Unit Weight| Friction Angle|Cohesion
Profile Soil Type (pcf) (degrees) (psh)
1 Loose Silty Sand/Sandy Silt 115 32 50
2 Loose Silty Sand/Sandy Silt (bwt) 120 32 50
3 Dense Silty Gravel 130 36 - 70
4 Dense Silty Gravel (bwt) 135 36 70
5 Dense Poorly Graded Gravel 135 38 0
6 Dense Silty Sand/Sandy Silt 120 35 0
7 Dense Silty Sand/Sandy Silt (bwt) 125 35 0
8 Dense Sandy Silt/Silty Sand 130 36 0

Low Flow and Drawdown Conditions

Water ponding against an embankment provides a stabilizing load on a slope. When
the water recedes to the low flow condition, the stabilizing load is no longer in place
creating the potential for slope instability. For the low flow condition, we evaluated the
embankment when the river water elevation is set at 402.9 feet (NAVD 88). Multiple
analyses with range constraints were selected. Based on our analyses, the low flow
condition FS for the existing critical cross section is 1.06.

Based on our experience, riverbank instability is generally associated with winter draw-
down conditions. Drawdown instability occurs when the river elevation drops at a rate
exceeding the drainage capacity of the soil in contact with the river. The differential
head between the free water and trapped soil water develops an unbalanced destabiliz-
ing pressure in the soil, causing movement to occur. In an effort to model drawdown
conditions, we assumed the winter water level within the embankment matches the
stream elevation ordinary high water (OHW) steady state condition. During prolonged




storm activity, the water level rises within both the river and adjacent embankment. Af-
ter the storm event, the water level in the river lowers back down to the OHW steady
state condition. However, the water level in the embankment drops at a slower rate, de-
pendent on the permeability of the soil.

For this site, the embankment soils consist of silty sand/sandy silt and silty gravel. For
instantaneous drawdown condition modeling, we assumed that for every foot of river
drawdown, the water level in the soil would drop at a rate of about 0.75 feet. For model-
ing, we chose a high water condition of Elevation 428.4 feet (NAVD88) and a post
storm river elevation of 407 feet (NAVD 88). This creates a conservative head differen-
tial of 5.5 feet between the contact soil and the river. Based on our analyses, the instan-
taneous drawdown condition FS for the eXIstmg critical cross section under these as-
sumed conditions is 0.62.

The results of our existing conditions stability analyses, and the associated target FS,
are summarized below in Table 3. Diagrams showing the critical failure surfaces and
associated safety factors are provided in Appendix B.

,Exlstmg Slope Modeled Factors of Safe; S

Mo‘deled Cohd‘itlony FS ”Tkarget FS Flgu‘rek |
Low Flow 1.06 1.3 B-1
Drawdown 0.62 1.1t01.3 B-2

3.2  Alternative Repair

Proposed mitigation measures from DNRP to stabilize the damaged embankment
areas include the use of rock slopes, reinforced geogrid slopes, and soft bank
stabilization measures. In addition, engineered log jam structures are proposed to be
placed at strategic locations along the toe of the riverbank.

We modeled two typical mitigation sections provided by DNRP to determine the FS
during low flow and drawdown conditions. The first section is an engineered log jam
structure with a 1.5H:1V slope. The log jam structure sits atop scour and toe rock and is
held in place with steel piles. The slope above the log jam is inclined at 1.5H:1V and
consists of a combination of riprap, Class B rock, and a reinforced geogrid slope. A
2H:1V slope, several feet in height, will be placed above the reinforced geogrid slope in
order to install native plantings.

The second typical mitigation section consists of a 1.5H:1V rock slope with a 2H:1V
upper soil slope. A foundation keyway approximately 10 feet in width will be excavated
at the toe of the slope and backfilled with 3 to 4 man rock. The rock slope above the
keyway will consist of a combination of riprap and Class B rock. As in the log jam
section, a 2H:1V soil slope will overlie the 1.5H:1V rock slope in order to install native
plantings.




Material properties used in the stability analyses of the two typical mitigation sections
are provided below in Table 4. As seen in Table 4, a cohesion value of 1000 psf is
added to the reinforced slope in order to keep the critical circle away from the geogrid
section. In reality, the reinforced slope does not have a cohesion value.

Umt Weight‘ F\rict"ian Ahgle Co’heﬂk‘sylon

Profile Soil Type (bch (degrees) (psh)
1 Loose Silty Sand/Sandy Silt 115 32 50
2 Loose Silty Sand/Sandy Silt (bwt) 120 32 50
3 Dense Silty Gravel 130 36 70
4 Dense Silty Gravel (bwt) 135 ' 36 70
5 Dense Poorly Graded Gravel 135 38 0
6 Dense Silty Sand/Sandy Silt 120 35 0 -
7 Dense Silty Sand/Sandy Silt (bwt) 125 35 0
8 Dense Sandy Silt/Silty Sand 125 36 0
9 Geogrid Wrap w/ Gravel Borrow 125 34 1000
10 Riprap - ' 120 40 0
11 Medium Well Graded Gravel 130 36 0
12 Class B Rock 130 38 0

Static Stability Analyses

We analyzed the two typical mitigation sections based on the low flow and drawdown condi-
tions describe in our earlier analyses. Multiple analyses with range constraints were se-
lected. The results of our reinforced slope stability analyses, and the associated target
FS, are summarized below in Table 5. Diagrams showing the critical failure surfaces
and associated safety factors are provided in Appendix B.

Modeled Condition| FS | Target FS Figure

Section

ELJ/1.5H:1V Slope Low Flow 1.57 1.3 B-3
ELJ/1.5H:1V Slope- Drawdown 142 1.1t01.3 B-4
1.5H:1V Rock Slope Low Flow 1.54 1.3 B-5
1.5H:1V Rock Slope Drawdown 1371 1.1t01.3 B-6

Our analyses indicates the two typical mitigation sections would bring embankment sta-
bility to acceptable levels for the analyzed static conditions.

Seismic Stability Analyses

Required seismic loading conditions for non-critical structures is not provided in the ref-
erenced COE manual. The WSDOT Geotechnical Desigh Manual M 46-03 (Section
9.2.3.1) requires seismic analyses for only portions of the new embankment that could
impact critical adjacent structures such as bridge abutments and foundations or nearby




buildings. Therefore, though not required, seismic analyses were performed to verify
the embankment would meet a FS of 1.1 or greater under seismic loading conditions.

The site and soil criteria used for foundation design recommendations provided in this
report are in general conformance with the American Association of State Highway and
Transportation Officials (AASHTO) LRFD Bridge Design Specifications, 8" Edition, No-
vember 2017, and the current Washington State Department of Transportation
(WSDOT) Bridge Design Manual (BDM), M23-50. The seismic provisions of the
AASHTO Manual are based on a design earthquake having a seven percent probability
of exceedance within a 75-year period. An earthquake event with this probability of ex-
ceedance has a return period of about 975 years.

Spectra, software developed by the WSDOT Bridge and Structures office, was used to
generate the site specific design response spectrum, based on USGS regional probabil-
istic ground motion seismic hazard maps, with updated site coefficients for PGA and Fa
provided in the BDM. The seismic hazard maps were developed for AASHTO Site
Class B. Based on the underlying soil profile, we determined the site is characterized
most closely with AASHTO Site Class D. Spectra computes a design response spec-
trum using the Three-Point method defined in the AASHTO Guide Specifications for
LRFD Seismic Bridge Design, 2™ Edition, 2011.

From Spectra, we utilized a peak ground acceleration (PGA) of 0.338 g with a site spe-
cific As of 0.426 g. Assuming the slope can accomadate one to two inches of perma-
nent displacement, seismic displacement analyses (Section 6.2.2 of FHWA-NHI-032)
were utilized to obtain a horizontal acceleration coefficient of 0.170 g at the site for the
design seismic event. Seismic modeling was completed for the low flow rock and rein-
forced rock sections. The results of our seismic analyses, and the associated target FS,
are summarized below in Table 6. Diagrams showing the critical failure surfaces and
associated safety factors are provided in Appendix B.

Section Modeled Condition| FS Target FS Figure
ELJ/1.5H:1V Slope Low Flow 1.11 1.1 B-7
1.5H:1V Rock Slope LowFlow | 1.10 1.1 B-8

4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 Probable Cause of Failure

Based on our subsurface investigation, modeling, and observations, the current bank
failures are shallow in nature with no indication of deeper-seated bank instability. The
embankment generally consists of low plasticity gravels, sands, and silty sands that are
prone to particle erosion from river forces. Overtime, the existing riprap that protected
the embankment has been displaced. It appears the riprap was not keyed in and was
likely dislodged by river scour. Without the riprap, the erosive hydraulic forces of the
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river are able to scour and attack the toe area of the slope, creating zones of over-
steepened and cantilevered slopes that slump over time. In addition to the loss of bank
from particle erosion, the current slope is also prone to shallow seated drawdown fail-
ures, especially once the slope has been oversteepened from the erosive action of the
river.

42 Permanent Repair

Based on modeling, the typical ELJ/1.5H:1V slope and 1.5H:1V rock slope embankment
sections shown on the plans will meet the target FS during low flow and drawdown condi-
tions. In our opinion, as is typically the case with rivers, the key to long term stability of the
reconstructed slope will be to protect the toe zone of the embankment from erosion and
scour. Both mitigation sections key in large toe rock to protect the toe zone of the embank-
ment from erosion and scour which should provide long-term stability to the reconstructed
slope. '

One other key component for permanent design is to utilize an aggregate filter where riprap
and coarse rock is in contact with finer grained soil deposits of sand and sandy silt. Both
sections are shown on the plans to have an aggregate filter layer consisting of 1 foot of
Quarry Spalls and 0.5 feet of Permeable Ballast. In our opinion the aggregate filter layer is
critical to both mitigation sections to prevent soil movement and particle loss between the
finer grained native soils and coarser toe and Class B rock. In addition, the filter layer may
help to prevent the build up of embankment pore pressures.

ReSSA (3.0), developed by ADAMA Engineering, Inc., was used to verify the proposed
reinforced slope design in accordance with current Federal Highway Administration
(FHWA) and American Association of State Highway and Transportation Officials
(AASHTO) standard requirements. Based on our analysis, the minimum embedment
would be 0.8H feet (H = height of slope) for a geogrid with a minimum long-term tensile
strength of 2230 Ib/ft. As shown on the plans, the maximum recommended vertical
spacing between successive geogrid layers will be 1 foot.




5.0 CONTINUING GEOTECHNICAL SERVICES

As the design develops, when needed, we are available to provide additional
geotechnical design and construction recommendations for specific aspects of the
project.

We appreciate the opportunity to have been of service on this project and trust this

report addresses your current needs. Please call Alan Corwin at (206) 477-1853 or

Doug Walters at (206) 477-2112, should you have any questions, concerns, or if we
may be of further assistance.

Respectfully Submitted,
King County Materials Laboratory

Alan D. Corwin, P.E.
King County Materials Engineer
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Figure 1: Vicinity Map
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Figure 2: Boring Locations
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of the information contained on this map. Any sale of this map or information on this map is prohibited except by
written permission of King County.
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APPENDIX A

Boring Logs

Laboratory Test Results




PROJECT: SE Reinig Road

BORING LOCATION: SE Reinig Rd (see location map)
DRILL METHOD: Hollow Stem Auger

DRILLER: Holocene Drilling

DEPTH TO - Water:

17

WELL NO. B-1

DATE:
START:

LOG OF MONITOR WELL INSTALLATION

5/30/2018

10:45 AM
FINISH: 2:05 PM
LOGGER: Doug Walters

DATE CHECKED: N/A

ELEVATION/ SOIL SYMBOLS Moist | ~200 Monitor Well
SAMPLER SYMBOLS USsCs Description (%) (%) Remarks Construction
DEPTH AND FIELD TEST DATA Schematic
T° - - Grass/Topsoil =Y |
ik ML ™ P . Ky
20 Dark brown to brown sandy silt, i |
1 scattered organics, trace roots and 6" sample == |
1 245 gravel, mottled, low plasticity, recovery. = |
1. wet, loose. (fill) = |
222 Same-intermixed with red brick 6" sample ==
T . recovery. — ]
debris. —
415 — — T
T 247 SM | Brown to gray silty sand with 19.1 | 45.1 19" sample = 1
. . . recovery. —
T gravel, trace organics, intermittent — 7]
+ 10 iy &ii | iron staining, wet, medium dense. 4" sample — 1
bl |4 | 13.508" p ==
T+ | @ y(fill) recovery. Blow == 1
a10 —+ b4 Brown silty gravel with sand, count may be = -
+ 487\ 245088° numerous cobbles, grain shape overstated due to =5 ;
hd h 1 lar. i . presence of ==
pri¢ generally angular, mtermittent cobble. = ]
4+ 15 hd : iron staining, wet, dense to very No sample = .
+ M\ dense. (fill) recovery. = 1
< pah No sample ==
205 = Lhd recovery. =
T L6 41 500 SP-SM Brown poorly graded sand with 14.4 1 10.2 190" sample =]
+ LT silt and gravel to poorly graded recovery. Blow
+ 20 e &I gravel with silt and sand, scattered count may be =R
oL ia %Ll | 18.22,5004 N overstated due to o+
T i GM | cobbles, saturated, very dense. presence of T
- 1010 ; —]
400 — A gRE: Brown poorly graded gravel with ravel. 1
ﬂF 5 p y g & "
T 386 silt and sand, saturated, very 10" sample -
h 24 .
+ 4 dense. recovery -
+— 25 . " .
[P SP | Dark gray poorly graded sand, wet| 200 | 31 |14" sample
T ] di d . recovery. Water ]
395 — medium dense. added to auger 1
1 ' after sample at i
1 25' to prevent |
heave.
T 30 " 5 N " .
iiate | SM | Gray silty sand with interbedded 15" sample
T . recovery.
100 L sandy silt, wet, dense. |
+ 35 22.1 | 25.9 |15" sample |
T 818,24 recovery. ]
385 T

N

Boring B-1 was drilled in the southern shoulder of SE Reinig Road. Groundwater was observed at about 17 feet
below the ground surface at the time of drilling. A 2" diameter monitoring well was installed in B-1 and is
identified by the WSDOE discrete well tag number BKZ-554.

PLATE NUMBER A-1




LOG OF MONITOR WELL INSTALLATION

WELL NO. B1
PROJECT: SE Reinig Road DATE: 5/30/2018
BORING LOCATION: SE Reinig Rd (see location map) START: 10:45 AM
DRILL METHOD: Hollow Stem Auger FINISH: 2:05 PM
DRILLER: Holocene Drilling ‘ LOGGER: Doug Walters
DEPTH TO - Water: 17" DATE CHECKED: N/A
ELEVATION/ SOI1. SYMBOLS Moist | -200 Monitor Well
SAMPLER SYMBOLS uUscs Description (%) (%) Remarks Construct.ion
DEPTH AND FIELD TEST DATA Schematic
N ' N

N
.o B
[ | Joos N /,/\\\ |
380 —_: recovery. // :
>

| " M&m,w ML | Gray sandy silt with interbedded | 22° | 81-3 | 16" sample //\§ ]
silty sand, no to low plasticity, recovery. ///

wet, dense to very dense. _ //\\\

)

375

[ . 2
14" sample \\

T ne'm'm recovery. /\

370 —_: ry //\\\

+ 55 : 23.9 | 63.2 [16" sample §\
1 n31,36,50/6 . recovery. //
365 //\\\

T°° 16" sample
ﬂ 10:2429 recovery. ///
se0 ///

T n‘2'3"35 ML | Gray silt, no to low plasticity, wet,| 24.5 | 85.5 | 16" sample />\\ b
1 very dense. recovery. \\\ |

355 ——: //

| ” ’]9,12,1 , | V& | Gray sandy silt, no to low 14" sample ///
. plasticity, wet, medium dense. recovery.

350 —+

Boring B-1 was drilled in the southern shoulder of SE Reinig Road. Groundwater was observed at about 17 feet
below the ground surface at the time of drilling. A 2" diameter monitoring well was installed in B-1 and is
identified by the WSDOE discrete well tag number BKZ-554. PLATE NUMBER A-1




LOG OF MONITOR WELL INSTALLATION

PROJECT: SE Reinig Road

BORING LOCATION: SE Reinig Rd (see location map)
DRILL METHOD: Hollow Stem Auger

DRILLER: Holocene Drilling
DEPTH TO - Water: 15'

WELL NO. B-2

DATE:
START: 10:45 AM
FINISH: 2:05 PM

5/30/2018

LOGGER: Doug Walters
DATE CHECKED: N/A

ELEVATION/ SOIL SYMBOLS Moist | ~200 Monitor Well
SAMPLER SYMBOLS Uscs Description (%) (%) Remarks Construction
DEPTH AND FIELD TEST DATA Schematic
T° et ..Grass/Topsoil =
I i |\ Grass/Tops .
1 Brown to light gray sandy silt, IS
1 scattered organics, trace roots and 11" sample ===
w0l 222 gravel, highly distrubed, recovery. ==
1 intermittent iron staining, low = = |
1 245 plasticity, wet, loose. (fill) 16" sample = B
Same-trace wood debris. recovery. =
1 5o Same-darker gray with scattered 15" sample = =
415 gravel, medium dense. recovery. = B
T ' y =N
05 | M | . Gray silty gravel, scattered to 3" sample ==
i U rous cobbl in shape oeavery: ===
1 + numerou ©S, grain shap Difficult drilling £
1 b generally angular, wet, dense to from 10'to 27'in B B
12,31,30 - ====
| :,': very dense. (fill) gravel and ===
:. cobble. ===
4 15 " o =1
Ffe rame 52
ER \ . ] g
1 :;' 5" sample = B
b4 recovery. = =
T & 133135 9" sample = =
405 — . recovery. = =
LA — =
T 20 T : — = ]
GP- 1 No sample recovery-native? No sample = =
T GM recovery. =g=
1 Gray poorly graded gravel with silt = B
400 —+ = =
and sand, numerous cobbles,
T2 fractured rock in sample shoe, wet, 5" sample .
T very dense. recovery. =
+ o Smooth drilling ==
1 SP-SM Gray poorly graded sand with silt, from 27 to 30", =
wet, dense. =
395 — s 3
T30 18.0 | 10.1 [13" sample =
T recovery. Water =
+ added to auger =
1 to prevent heave. =
200 | Terminated =
boring at 37 feet =
T 35 ) e Y ]
1 GP | No sample recovery-gravel and S:fz;[glauger =
1 cobble, possible boulder. '

Boring B-2 was drilled in the southern shoulder of SE Reinig Road. Groundwater was observed at about 15 feet
below the ground surface at the time of drilling. A 2" diameter monitoring well was installed in B-2 and is
identified by the WSDOE discrete well tag number BKZ-553.

PLATE NUMBER A-2




LOG OF MONITOR WELL INSTALLATION

WELL NO. B-2
PROJECT: SE Reinig Road DATE: 5/30/2018
BORING LOCATION: SE Reinig Rd (see location map) START: 10:45 AM
DRILL METHOD: Hollow Stem Auger FINISH: 2:05 PM
DRILLER: Holocene Drilling LOGGER: Doug Walters
DEPTH TO - Water: 15' DATE CHECKED: N/A
ELEVATION/ SOIL SYMBOLS Moist | -200 Monitor Well
SAMPLER SYMBOLS USsCs |, Description (%) (%) Remarks Construct‘ion
DEPTH AND FIELD TEST DATA Schematic

385 —+

350 +

Boring B-2 was drilled in the southern shoulder of SE Reinig Road. Groundwater was observed at about 15 feet
below the ground surface at the time of drilling. A 2" diameter monitoring well was installed in B-2 and is
identified by the WSDOE discrete well tag number BKZ-553. PLATE NUMBER A-2




PROJECT: SE Reinig Road

BORING LOCATION: SE Reinig Rd (see location map)
DRILL METHOD: Hollow Stem Auger

DRILLER: Holocene Drilling

LOG OF BORING
BORING B-3

DATE:

5/29/2018
START: 12:05 PM
FINISH: 2:14 PM

LOGGER: Doug Walters

DEPTH TO - Water: 15.5' Caving: N/A DATE CHECKED: N/A
ELEVATION/ SOIL SYMBOLS . .
SAMPLER SYMBOLS uscs Description M‘:;;’t ’(2%0)0 Remarks
DEPTH AND FIELD TEST DATA
425 —T0 ]
1 SM ‘A,‘6" ACP ]
1 Gray silty sand with gravel, moist to wet, |
1 : medium dense. (fill) 10" sample i
1 o ML | Brown to light gray sandy silt, scattered recovery. |
120 - 5 intermixed organics, low plasticity, heavy |
[}0,2,1 intemittent iron staining, highly disturbed, 15" sample
T recovery. ]
| wet, very loose to loose. (fill) |
Same-trace charcoal. "
4 6517 14" sample i
] & SP-SM|  Gray poorly graded sand with silt and recovery. |
PO gravel, wet, medium dense to dense. N
1 12,15,16 Same-iron stained. 5 Sample recovery_.
T 104216 ML | Gray sandy silt with interbedded silty sand, 23.0 | 53.5 114" sample .
. . ) . . . recovery.
T no to low plasticity, minor intermittent iron 1
4015 | staining, wet, medium dense. 18" sample u
+ - %10'”'16 SM | Gray silty sand with interbedded layers of recovery. .
T sandy silt, wet, medium dense to dense. 7
4 61315 14" sample ]
1 I recovery. i
405 —— 20 orarr 17" Sample 1
. | recovery. 1
400 — 25 : 243 | 20.8 |15" sample 7
T ! recovery. 1
395 30 17" sample |
T recovery. 7]
390 - 35 26.2 | 30.9 |14" sample N
T recovery. 7]
L HHAYHH

Boring B-3 was drilled in the center of the west bound driving lane of SE Reinig Road. Groundwater was estimated
to be about 15.5 feet below the ground surface at the time of drilling.

PLATE NUMBER A-3




LOG OF BORING

BORING B-3
(continued)
ELEVATION/ SOIL SYMBOLS Moist | -200
SAMPLER SYMBOLS uscs Description "(’;f ) Remarks
DEPTH AND FIELD TEST DATA
-
385 a0 = |- : 18" sample
T o ML | Gray sandy silt with interbedded layers of recovery. Blow
T silt and silty sand, no to low plasticity, wet, count may be
+ dense to very dense. overstated due to
1 slight heave.
380 —1- 45 21.0 | 83.3 | 16" sample
10,18,32
1 recovery.
375 ~- 50 e 16" sample
T o recovery.
370 —— 55
365~ 60
360 —1— 65
355 | 70
350 — 75
345 | B8O




LOG OF BORING

BORING B-4
PROJECT: SE Reinig Road DATE: 5/29/2018
BORING LOCATION: SE Reinig Rd (see location map) START: 8:30 AM
DRILL METHOD: Hollow Stem Auger FINISH: 11:15 AM
DRILLER: Holocene Drilling LOGGER: Doug Walters
DEPTH TO - Water: 15 Caving: N/A DATE CHECKED: N/A
ELEVATION/ SOIL SYMBOLS Moist | -200
SAMPLER SYMBOLS Uscs Description (%) (%) Remarks
DEPTH AND FIELD TEST DATA
425 —_—— 0 SM ~5.5" ACP __
1 Brown gray silty sand with gravel, moist, |
1 medium dense. (fill) 6" sample recovery
T ML | Dark brown to light gray sandy silt, 1
T35 scattered intermixed organics, low 14" sample
420 — plasticity, highly disturbed, wet, very loose recovery. T
+ - to loose. (fill) 1
1 GP | Gray with greenish tint poorly graded 2" sample recovery,
1 A 1. mj imal Blow count may be|
v |, gravel, minor seepage zone, minima overstated due to
110 irecovery, saturated, very dense. (fill) 20.0 | 97.6 |presence of gravel |
415 Dark gray silt to sandy silt, visible partings 18" sample 1
+ of fine sand, low plasticity, disturbed, wet, recovery. .
4 1047 hard. , 17" sample i
1 o recovery. ]
4~ 15 ! " —
210 811,13 SM | Gray silty sand with interbedded layers of 15" sample |
1 sandy silt, saturated, medium dense to recovery. |
1 dense. 16" sample g
1 121622 recovery. ]
205 1 ? 812,16 ML | Gray sandy silt with interbedded layers of | 236 | 52 | 18" sample i
1 | silty sand, no to low plasticity, wet, recovery. 1
1 medium dense to dense. |
T2 BRHRABH . . " ]
200 ’ Wi | SM | Gray silty sand with interbedded layers of 16" sample |
1 sandy silt, saturated, medium dense to recovery. |
1 dense. |
4 30 HHHHES " _
305 | ’ Mg,mg ML | Gray sandy silt with interbedded layers of | 237 | 643 |18" sample 1
1 silty sand, no to low plasticity, wet, recovery. i
1 medium dense to dense. |
3 HE . " " [ —
sooL ’ Mao2 SM | Gray silty sand with interbedded layers of 18" sample |
1 sandy silt, saturated, dense. recovery. ]

Boring B-4 was drilled in the center of the west bound driving lane of SE Reinig Road. Groundwater was estimated
to be about 15 feet below the ground surface at the time of drilling.

PLATE NUMBER A-4




LOG OF BORING

BORING B-4
(continued)
ELEVATION/ SOIL SYMBOLS . -
SAMPLER SYMBOLS uscs Description M‘z;ft (2%0)0 Remarks
DEPTH AND FIELD TEST DATA
RE
T 40 ; ; 5 [
14,1624 ML | Gray sandy silt with interbedded layers of | 260 | 844 |18" sample
385 T . . . recovery. Blow
- silty sand, no to low plasticity, wet, count may be
1 medium dense to dense. overstated due to
slight heave.

T4 ot 18" sample
380 .20 recovery.

150 71525 18" sample
375 ~+ 182 recovery.

+- 55
370 ~

+ 60
365 -

+- 65
360 ~t

+ 70
355 —

+ 75
350 —+

180
345+




KEY TO SYMBOLS

Symbol Description Symbol Description
Strata symbols Soil Samplers
Tive Topsoil ﬂ Standard penetration test
Silt No recovery
Silty sand Monitor Well Details
flush-mount
Silty gravel cover
A recessed cover
A Poorly graded sand I set in concrete
Kf with silt
concrete seal
;ﬁg; Poorly graded gravel
J8od with silt

bentonite pellets

Poorly graded sand

silica sand, blank PVC

2. " Poorly graded gravel

slotted pipe w/ sand

. Paving =5
no pipe, filler material

Misc. Symbols

i

Water table during
drilling

.|{q

Drill rejection

—N— Boring continues

Notes:

1. Four borings, B-1 through B-4, were drilled on May 29th and 30th using a
Diedrich D-50 track mounted drill rig with 3-1/4" I.D. continuous flight hollow

stem auger.

2. Boring elevations were estimated from preliminary plans.

3. These logs are subject to the limitations, conclusions, and recommendations

in this report.




AdOLVHO8V] STVIHILVIN v S.nbl 829CELL ON jo8loid

peroy Sy j08fold

ALNNOD ONIM , JINJ Aoy Sury Jusiy
00T PuBS pspelD A[I00d dS 810C-0¢-§ §9T-0°ST 190T-81-DA - v
vyl [oA®ID) PUE J[IS A pues papelD) A[100d INS-dS 810C-0€S | 06I-SLI |S0C-8I-O -9 O
I'61 pues A1 _ NS 810Z-0¢-S 0°6-S°L  (¥0T-81-DA 1-d O
1d ! % AN | uonduosaq [eusiBN sS0SN pajdwes sieg ‘A3[3/ydeq # 9|dwesg 82.n0g
I'e G og 0Ly 811 9L 00 00 v
701 8'¢T 1'91 L8 7T 061 00 O
'Sy I've 8L 9T €L I'e 00 0
Rejn _ s aul4 wnipsiy 8sleo) aul4 281800 0
sould 9%, pues 9, IELETA &+ %
‘W - J71S NIVED
1000 - 100 10 L 0l 00} 0
ﬂ"
N

0c

/f 0}
/Dr/

AN 0¢

oy

jo)
/
1/
[ 1
V4
S
Y3NId LNIJOY3d

06

IR i | | _ | | [ 00l
00C# Q0L# 09%# Ov# OE# 0C# OL# i< . B url ug o ueg urg
obL# ulg/e Ul v A

A LINOYAAH SUIFNNN IATIS QIVANVLS SN SIHON! NI ONINZ-40 IAZIS 'S'N

Joday uonnqusiq azis ajdiMed




-V ainbi 8797¢I1 "ON 1080l
A¥OLYHOgVY1 SIVINILYIN | ° . N ioeio.d
peoy Suiey jo9oid
ALNNOD ONIM TN Aamo)) Sury] jusi)
6'¢€C IS Apues TN 810C-0¢-S $96~0°SS [ 60C-81-DM 1-d v
6'CC IS Apues - TN 810C-0¢-§ S9v0°Sy | 80T7-81-O3 1-d O
1'2C pueg IS NS 8107-0¢-¢ ¢9¢-0'S¢ | L0Z-81-OA -4 o]
1d 11 % WN uonduosaq [eujein SoSN pejduieg sjeq “As(3/IdRQ # sjdweg 80Jn0g
£C 609 LS¢E L0 0 00 00 00 v
LY 9'9¢ gee 8T 70 00 00 00 0
6°6T §T9 9'01 0 80 00 00 e}
Ae|D _ TS auld wnipsjy 8sie0) aui4 ESEle) .
saulq %, pues 9, [ARID) Y, W&+ %
W - JZ[S NIVdD
1000 10°0 10 } 0} 00} 0
[
I%”Iﬂl!
IUI /AN
/ ol
ﬁxf (074
S
u// / 0g
\ \ o 2
\ / 2
o
/ m
05 3
!
=
o9
\ /
AN 0L
//Hf //
N / 08
Jf e
'Y AAY 0
my
TN s o 0 - S S 18 18 8 1 P 1 oot
00C# 001# 09# Ov# 0Ot# ures u urz ule urg
orL# ‘U g/e Ut % uyl
I LIWOHAAH SHIEWNN IATIS QUVANYLS ‘SN SFHONI NI ONINZJO JATIS 'S'N

Joday uonnguisiq 9zis ajdnled




[V 2unb 8797E11 ON 108l0l
AYOLVYHOgVY1 SIVINILYIN “_ Niosiold
peoy Siuey josfold
ALNNOD 9NIM TN &m0y 8urs] Jusi)
0'¢e IS Apues TN 810T-6C¢ OVI-STL | TIT8I-OA £-d v
0°81 IS YIIM pues papein) A[I0od WNS-dS 810C-0¢-S¢ S1E-0°0€ |[T1T2-81-DH g m
ST HIS TN 810C-0¢-S $799-,0°S9 |01T-81-DA -9 o)
d T | % NN uonduosaq [eusrepy sosn pajdues sjeq ‘nejFdeq | # eidwes 25.n0g
A 'ty 9°¢E T 61 e 9°¢ 00 \Y
101 (443 9Ly 69 1 00 00 ]
9'Cl 6'CL 8¢l L0 00 00 00 00 e}
AelD TS aul4 Wnipspy 8810 aul 9sIE0D .
seuld % puUES % [oABID % &+ %
‘W - 971S NIVED
10070 1070 10 l 0l 00} 0
@Ii
A
”Ml, vl Y ol
/
\ fﬁ/ | // o
N /ﬂ
/ N o ™
T N by
\ ) :
/ / s Z
l
L N\ z
09
\ ] ) "
/ / \ 0z
/ /f // 08
06
I'ﬂm"
”G
| _/wllorl ~ T ™Sl | 00
00c# Q0L# 09# OV# Oct# -3 Oy# 7 L W urg urg ule
O L# ‘utg/e Ul uigL
HI31IWOHOAH SHIGINNAN IAZIS QHVYANYLS 'S'N STHONI NI DNIN3JO 3AZIS SN

Joday uonnqusiq azis ajdiued




- ainbl 879TE11 ON Jo9f0l
AdoLlvdogvl sIviNaLvin g ¥V . Nioeiold
peoy ey j08loid
ALNNOD ONIM TANQ Aunoy Sury jusi)
0'1¢C WIS ApUES TN 8107-6C-¢ SO0 Sy | STIT-81-03 ¢-d v
79T pues AIS NS 810T-6C-¢ $9¢-0°S¢ | PIT-81-O3 ¢-d O
£V pueg AJIS NS 810C-6T-¢ $°9T-0°ST | €1T-81-DA ¢-d O
d T | % AN uonduoseq [eusiei 808N pajdwes ajeq “Asi3/uideq # ojdwes 80In0g
9°¢l ﬁ L'Ly 'S¢ 9’1 00 00 00 00 v
6°0¢€ 8°L9 60 0°0 0 00 00 ]
80T Pyl A% 1'0 €0 00 00 e}
Ae|n v S aul4 wnipsy 9s1e0) aul4 9sle0) o
sauld 9% puesg % [BABIS) o, W&+ %
W - 371S NIVaD
100°0 100 Lo 3 01 00} o
4lq/
N oL
/f/
A q 0z
,4/ N

Y //ﬂ [0}
\ o ™
\ Py
’ m
UL o
/ \ ,/ :

/zé 0L

/ 08

7!. 06

N\
DAL
il | Y. A & u.d,w I 1 | | 001
00cZ# 00L# QS# Ov# Ot# -3 or# a2 urg urg urg ug
(634 % ‘ukg/e Ul v gL

3 LINOATAH

SHIFNNN FATIS QAVANVLS 'S'N

STHONI NI ONINIJO 3A3IS 'S'N

Hoday uonnquisiq azig d|dijed




- aInbi 79ZE11T "ON 109lol
AHOLVHOaVY1 STIVIMALVYIN | &Y .“_ BCOTELL ON#eiold
peoy Suiey 109[0id
ALNNOD ONIM TING Auno) Sury juel)
L'€T IS Apuesg TN 8107-6T-S STLER00E [ 81T81-0 -4 v
9°¢T IS ApueS TN 810T-6T-§ S1T70°0T | L1T-81-031 7-d ]
0°0T IS TN 81-6C-C STT-0°01 |91T-81-03 -4 O
1d T | % WN uondioseq [eLSEN $3sn pajduies sjeq ‘Asig/pdeq | # aidwes s0In0g
0T 1t TSE S0 00 00 00 00 \vj
4 vy 9'C 0 10 00 00 O
9'8C 0'69 (aré 0 00 00 00 00 e}
ICe) S auld wnipa 8s180) auld 981800 .
saul 9% pues 9, [BABID) 9, net %
W~ 3715 NIVa9
1000 100 10 } 0L 004 o
— ol
~
A
/m/ - 0z
J/ N
A o€
N, A T
N / (04 m
4 s
3]
NEEA w
\ { C 3
\ x, <
RN \ N
X /
// //J 08
/ 06
A
N\ g .
uy /m N L n
OMW% 00T# og# [s) 0c# Ol# J w_.» ] .c_ﬂm\e _ ‘c_ 2 _ uz .cm € .cu 9 oot
OvL# ulg/e Ul e uHL

HHLINOITAH

SHIGANN JATIS GHVYANYLS 'S'N

SIHONI NI ONIN3JO 3AZIS 'S'N

~ Joday uonnquysiq azis a|d1ed




01V aInb| 8T9TEI1 "ON 109loid
AHO1LVYHO4aV1 STIVIHILVIA d N
4 peoy sty 3080id
ALNNOD 9NIM TN AUnoy Sury JuslD
092 WIS Apues TN 8107625 | S 1#00F | 6128103 sy 5
d T % WN uonduosaq |eusiei Sosn pejdwes aleq S ETNGES] # o|dwes 324n08
8yl 96 61T VL 00 00 00 o
Re|n S aul4 winipaiy 251807 aulq 251800 )
seuld % puES % [orEID nE+ %
‘ww - 371S NIvHD
1000 100 10 l 0l 001 0
o
IO/I) ol
A
/AUI/
N
N IO/ 0¢
f/ og
A\ oo
¥ 5
O
m
0S |N._
i
/ z
,ﬂ 09 3
/ oL
//O/ 08
2@ 06
. II
I _ rr— 1 | _ | 004
00c# 001L# 09# Ov# 0c# 02# Ov# ure, ur ‘g urg urg
[0) 4% ‘ulg/e A urgL

HILINOHUAH

SYIENNN INAFIS QIVANVYLS 'S'N

SZHONI NI ONINIJO IAZIS 'S'N

Joday uonnquisiq azis ajd1ued




APPENDIX B

Slope Stability Analyses Critical Failure Drawings
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